Objective: To describe home-time, stratified by stroke type, in a complete population and to determine its correlation with modified Rankin Scale (mRS) scores.
Conclusions:
We showed that home-time is an objective and graded indicator that is correlated with disability after stroke. It is obtainable from administrative data, applicable to different stroke types, and a valuable outcome indicator in population-based health services research. Functional recovery is an important poststroke outcome. The modified Rankin Scale (mRS), the most commonly used stroke outcome measure in clinical studies, 1 is subject to rater bias and variations in interrater reliability 2 and requires prospective data collection, making it vulnerable to selection and attrition bias. Home-time, broadly defined as the total number of days living independently in the community in the initial 90 days after stroke, has been proposed as an alternative metric that correlates well with global disability after stroke. [3] [4] [5] Returning to home is valued by patients after stroke 6 and other medical conditions. 7 Home-time is graded and objective, easily interpretable, and intuitively associated with decreased direct health care costs. 3, 8 A key advantage of home-time is that it is obtainable from routinely collected administrative data. 8 It is therefore applicable to population-based health services research in which active collection of individual outcomes may not be feasible. A recent study of US Medicare beneficiaries $65 years of age showed that home-time after ischemic stroke, calculated from administrative data, was highly correlated with prospectively collected mRS scores. 8 Hometime is less understood in younger patients, and it has not been studied in other stroke types, including TIAs and hemorrhagic strokes. Moreover, because administrative data are influenced by country-or jurisdictionspecific health systems and clinical practices, it is valuable to study the variations of this new outcome metric in different populations.
We aimed to describe home-time after stroke, stratified by stroke type, in a complete Canadian population and to assess the correlation between administrative data-based home-time and prospectively collected mRS score at 90 days using data from Canadian ischemic stroke clinical trials. We hypothesized that home-time has strong content validity compared with the mRS score.
METHODS Definition and calculation of home-time after stroke. We developed an administrative data algorithm to calculate home-time for all patients admitted to hospital for a stroke or TIA in Alberta, Canada. The algorithm applied 2 methods to calculate the 90-day home-time. In the first method, home-time return to home was defined as the number of nights spent in a private residence, whether it was the patient's own home or that of a relative, with or without home care services, within 90 days of the index admission to acute care hospital. Time spent home was inferred when nights were not recorded as being spent in some form of care. The second method, hometime return to baseline, recognized that patients who experience cerebrovascular events may already be living in a care setting at the time of stroke onset. For example, a stroke patient who was living in supportive living before the stroke may recover enough function to return to the same level of care after stroke. This type of outcome is important to capture because a return to the premorbid living situation is valued by the patient and cost-saving to the health system. Therefore, home-time return to baseline was defined as the number of nights the patients spent in their prestroke living situation, without an increase in level of care, within 90 days of the index admission to acute care hospital for stroke. Baseline home status was determined from administrative data and was assigned on the basis of any use of continuing care facilities in the 2-week period before stroke admission. If a patient was not recorded as receiving some form of care, the baseline living situation was inferred to be the private home. By definition, in both methods, patients who died in hospital after the index stroke have a home-time of zero days.
Administrative data sources and linkage. Data sources used to determine home-time include the inpatient Discharge Abstract Database (acute care hospitals), 9 the National Ambulatory Care Reporting System (emergency department), 10 the National Rehabilitation System (rehabilitation facilities), 11 and the Provincial Continuing Care Information System (supportive living and long-term care facilities). 12 All residents of Alberta, Canada, have access to the publicly funded and universally available health care system. The Alberta Health Care Insurance Plan provides medical coverage to most (.99%) Alberta residents except for the members of the military, federal inmates, individuals who opt out of the Alberta Health Care Insurance Plan, and the Royal Canadian Mounted Police. The administrative health databases were linked deterministically by use of the unique personal health number.
Population data. Alberta residents with a valid health care number admitted to an acute care hospital with ischemic stroke, intracerebral hemorrhage, subarachnoid hemorrhage, or TIA between April 1, 2012, and March 31, 2016, were identified. Patients ,20 years of age and those with record of leaving against medical advice or failing to return after an out-of-hospital pass were excluded. We used ICD-10-CA codes G45.x except G45.4 to identify TIA; H34.1, I63.x except I63.6, and I64.x for ischemic strokes; I61.x for intracranial hemorrhage; and I60.x for subarachnoid hemorrhage. 13 Only the most responsible diagnosis was used, implying that stroke accounted for the highest resource use during the admission.
Clinical trials data. We compared the administrative data- 14-16 All 4 trials enrolled acute ischemic stroke patients within 12 hours of stroke onset. Extracted data included age, sex, baseline NIH Stroke Scale (NIHSS), date of enrollment, and 90-day mRS score. Only residents of Alberta were included.
Standard protocol approvals, registrations, and patient consents. All 4 clinical trials were sponsored by the University of Calgary and received approval from the institutional review board for research using human participants. Written informed consent was obtained from patients enrolled in ESCAPE, TEMPO-1, and INTERRSeCT, and waiver of consent was approved for enrollment in PROVE-IT. The current study received approval from the University of Calgary institutional review board for research, and a waiver of consent was granted (REB16-0873).
Statistical methods. Patient characteristics in both data sources were described with proportions for categorical variables and medians with 25th and 75th percentiles. The distributions of home-time by stroke type were presented with violin plots and histograms. The correlation between the 2 methods of home-time calculation (return to baseline vs return to home) was assessed with the Spearman rank correlation. Because of the nonnormal bucket-shaped distribution of home-time, we used the KruskalWallis test to compare the median home-time across the different stroke types in administrative data sources. We used negative binomial regression to assess the association between home-time and stroke type controlling for age, sex, Charlson comorbidity index, and initial presentation to a rural hospital. The incidence rate ratio (IRR) and 95% confidence interval (CI) were used to estimate the effects of each predictor on home-time. IRR is the ratio of the number of days at home among patients exposed to covariates of interest over the number of days at home among those unexposed. We used the acute ischemic stroke clinical trials data to evaluate the association between home-time and mRS score at 90 days using the Spearman rank correlation. Ordinal logistic regression was used to assess the association between home-time and mRS score with and without adjustment for age, sex, baseline NIHSS score, and Charlson comorbidity index. Odds ratio and 95% CI were used to assess the effect of each predictor of mRS score. The assumptions of proportionality for ordinal logistic regression were assessed with the score test, and model fit was assessed with the C statistic. All analyses were conducted with SAS 9.4 (SAS Institute Inc, Cary, NC), and some analyses and all figures were completed with STATA 14.0 (STATA Corp, College Station, TX).
RESULTS Home-time after stroke in the population.
We included 15,644 patients, including 10,428 (66.7%) patients admitted to the hospital with an ischemic stroke, 1,415 (9.1%) patients with intracerebral hemorrhage, 760 (4.9%) patients with subarachnoid hemorrhage, and 3,041 (19.4%) patients with TIA. The median (quartile 1, 3) age was 74 (61, 83) years, and 52.7% were male. Table 1 presents the baseline characteristics by stroke type. There were 1,423 (9.1%) patients living in an assisted living or long-term care institution at baseline, and 4,814 (30.8%) patients presented to a rural hospital.
Patients with TIA had the highest home-time and the smallest range in the number of nights spent at home. Three of 4 patients with TIA spent at least 82 nights at home or at their baseline residence in the first 90 days after the index admission to hospital. Patients with intracerebral hemorrhage had the least amount of home-time, with half the patients not returning to home or baseline residence in the first 90 days. Table 2 describes the unadjusted median home-time, patient location, and mortality at 90 days by stroke type. Figure 1 illustrates the distribution of unadjusted 90-day hometime return to baseline by stroke type using violin plots (figure e-1 at Neurology.org shows the corresponding histograms). The 2 methods of home-time calculations (return to baseline and return to home) were highly correlated for all stroke types: Spearman rank correlation r was 0.94 for ischemic stroke, 0.95 for intracerebral hemorrhage, 0.99 for subarachnoid hemorrhage, and 0.92 for TIA (p , 0.0001 for all stroke types). The unadjusted median home-times were different among stroke types (p 5 0.0001).
After adjustment for baseline characteristics, compared to patients with intracerebral hemorrhage, (5, 18) . Only 6 (1.1%) patients were in an institutionalized setting at baseline; the rest were assumed to be at home. At 90 days, 368 (66.7%) patients were back at home, 36 (6.5%) were in acute care, 59 (10.7%) were in a rehabilitation facility, and 65 (11.8%) patients died. There were few patients in subacute care (n 5 4), supportive living (n 5 1), and long-term care (n 5 19). The median (quartile 1, 3) prospectively collected 90-day mRS score was 2 (1, 4) , and the median 90-day home-time was 59 (0, 85) days. In univariable analysis, longer 90-day home-time was associated with lower mRS scores (Spearman rank correlation r 20.73, p , 0.0001). Ordinal logistic regression analysis revealed that longer home-time was associated with a lower 90-day mRS score, even after adjustment for baseline characteristics, including age, sex, NIHSS, and Charlson comorbidity index (common odds ratio 1.04 per additional home-time day, 95% CI 1.04, 1.05, p , 0.0001, table e-1). Home-time was a good predictor of disability at 90 days as measured by the mRS score (C statistic 0.800 in the univariable model). In the multivariable model, the C statistic was only slightly better, 0.826, indicating that home-time highly predicts the 90-day mRS score and that adjusting for baseline age, sex, NIHSS, and Charlson comorbidity index adds little additional discriminative value. DISCUSSION We show that home-time is a feasible and valid measure of outcome after stroke. Hometime is obtainable in a complete population with administrative data, which makes it a pertinent health services research outcome in population-based analyses because passive data collection has relative resistance to attrition bias compared to active prospective data collection. Consistent with our understanding of the nature and severity of the spectrum and types of cerebrovascular diseases, our analyses of a cohort of stroke patients from a complete population revealed that that patients with TIA had the highest hometime (i.e., best outcomes), whereas patients with hemorrhagic stroke had the lowest. After baseline age, sex, and comorbidities were accounted for, ischemic stroke patients spent close to double the amount of time at home in the first 90 days compared to patients with intracerebral hemorrhage, and those diagnosed with a TIA experienced close to triple the amount of time at home. Among 552 patients enrolled in acute ischemic stroke clinical trials, we confirmed the content validity of home-time with the strong association between home-time and prospectively collected mRS score at 90 days. 3 
The correlation between mRS score and hometime has previously been reported by the authors of 2 international neuroprotection randomized controlled trials, the Glycine Antagonist in Neuroprotection (GAIN) 3 and the Stroke-Acute Ischemic NXY Treatment I (SAINT I) trials. 17 In these 2 studies, functional outcome scores were prospectively collected, and home-time was reconstructed by calculating the number of noninstitutionalized days from admission and discharge records and patient interviews. Approximately 1,700 patients were enrolled in multiple centers internationally in each of the GAIN and SAINT I trials, and both studies showed statistically significant differences in home-time between the country of enrollment, suggesting that home-time should be validated with country-specific data. Fonarow et al. 8 published the first study to use routinely collected administrative data in 815 US Medicare beneficiaries to show that home-time is highly correlated with 90-day mRS score and has good discrimination for functional independence; however, that study was restricted to survivors to hospital discharge who provided consent to participate in a prospective study. Another study of Medicare beneficiaries showed that home-time was associated with older age, more severe stroke, black race, and female sex. 18 Studies using US Medicare data are not representative of the entire adult stroke population because they are necessarily restricted to persons .65 years of age.
Our findings add to the understanding of hometime. Using Canadian administrative data, we provided population-representative distributions of home-time in adults for different stroke types. We used 2 different calculations for home-time to discriminate patients who return home and those who return to their baseline living situation. This distinction is important because it is valued by the patient and their caregivers and informs health economic analyses. In addition, we found that for a given mRS score, home-time is shorter in the Canadian population than the US Medicare population. 8 Taking the example of an outcome of mRS score of 3 at 90 days, this corresponded to a median (quartile 1, 3) home-time of 75 (59, 85) days in the US study, while it corresponded to a median home-time of 22 (0, 73) days with the use of Canadian data. In the subgroup of Canadian patients $65 years of age, an mRS score of 3 corresponded to a median home-time of 30 (0, 75) days. This observation is likely due to differences in practices regarding discharge and length of stay, access to inpatient vs home rehabilitation services, availability of other social and community support for independent living, or differences in baseline characteristics for patients with the same 90-day mRS score. Regardless of the cause, administrative data are variable between jurisdictions, 19 and these observations demonstrate the necessity of calibrating the relationship between home-time and 90-day mRS score in each health care system in which it is used as a metric.
We show that women have less home-time compared to men, even after adjustment for age, comorbidities, and stroke type. Sex has previously been reported to be a predictor of home-time in 1 study 18 but has not been confirmed by others. 8, 17 This observation is nevertheless consistent with prior studies suggesting that women experience greater disability and poorer quality of life after stroke compared to men. 20, 21 The explanation is likely multifactorial, including premorbid health, access to social support, stroke severity, and differences in acute stroke treatment. 21, 22 In addition to sex, home-time is influenced by age and burden of comorbidities, suggesting that it discriminates graded outcomes, a desired property in outcome metrics. The degree of influence of age, sex, stroke severity, and comorbidities on the association between home-time and prospectively collected mRS score is small, suggesting that the home-time construct inherently accounts for these factors.
Administrative data calculation of home-time has some limitations. It does not consider the level of assistance required by patients who are inferred to be home. Return to home may be contingent on social support or private funds, which is neither accounted for by home-time nor obtainable in administrative data. Finally, in the population data analysis part of our study, as with most completepopulation studies, baseline stroke severity cannot be ascertained. The high correlation between hometime and mRS score was determined with ischemic stroke patients enrolled in clinical trials and needs confirmation with future population-based analyses. The relationship between home-time and mRS score in other stroke types could not be determined in our study and requires dedicated studies.
Our results suggest that home-time is a graded and objective metric that can be used to track patient outcomes and health care use, making it a valuable stroke outcome measure for health services research, evaluation of health policies, or future clinical trials using a pragmatic design such as registry-based randomized controlled trials.
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